Abstract. Following a comprehensive literature review, this paper looks at analysis of geohazard using remote sensing information. This paper compares the basic types and methods of change detection, explores the basic principle of common methods and makes an respective analysis of the characteristics and shortcomings of the commonly used methods in the application of geohazard. Using the earthquake in JieGu as a case study, this paper proposes a geohazard change detection method integrating RS and GIS. When detecting the preearthquake and post-earthquake remote sensing images at different phases, it is crucial to set an appropriate threshold. The method adopts a self-adapting determination algorithm for threshold. We select a training region which is obtained after pixel information comparison and set a threshold value. The threshold value separates the changed pixel maximum. Then we apply the threshold value to the entire image, which could also make change detection accuracy maximum. Finally, we output the result to the GIS system to make change analysis. The experimental results show that this method of geohazard change detection based on integrating remote sensing and GIS information has higher accuracy with obvious advantages compared with the traditional methods.
Introduction
With the appearance and rapid development of remote sensing technology, RS has gradually become an effective method used in geohazard information acquisition, post-disaster emergency and geohazard assessment. By using advantages of remote sensing technology, and integrating GIS, GPS, RS and network communication technology, China has successfully enforced rapid-dynamic geohazard monitoring to rescue and prevent of disaster and secondary disaster, which can assist functional departments in disaster reduction.
Change detection technology is a kind of computer image processing technique that is used to detect whether a change happened or not in different periods, confirm the changed area, identify the categories of the changes, assess the changed time and spatial distribution patterns [1] [2] . Currently, the main approaches of remote sensing geohazard change detection are artificial visual interpretation method, pixel method and regional feature method. This paper introduces the latter two methods and 
Existing methods for geohazard change detection based on RS

Pixel-based geohazard change detection method
Pixel-based geohazard change detection method mainly includes two types [3] . They are direct comparison method and post-classification comparison method. Direct comparison method is used to detect changed information by comparing radiation intensity in each wave band, which can directly confirm the location and area of the changes and then confirm the type by artificial visual interpretation or classification. There are many sub-methods belonging to this kind of method, such as the image gray difference method, gamma ratio method, change vector analysis method, image regression method, inner product analysis and cross-correlation method and so on. Direct comparison method is simple and practical, which we set a threshold value to find the changed pixels and believe that the pixels whose values are bigger than the threshold belong to the changed surface features. In this case, it is critical to choose the suitable threshold value. The advantages of these methods are that they can confirm the changed location directly, avoid wide range classification and improve the detection efficiency. The drawback is that it cannot provide the categories of the changed areas.
Post-classification comparison is a simple and explicit detecting method. We first make a classification of the images taken from a same place before earthquake and after earthquake and then identify the changed areas according to the pixels' categories. We select several destroyed areas as the samples of different categories by visual interpretation ahead. The process of classification may be supervised classification or unsupervised classification. In this method, we can directly get the type, quantity and position of the change without knowing the prior knowledge of the research area. On the other hand, we can avoid data normalization problems caused by different seasons and different spatial resolutions of sensors in multi-phase data. Besides, it can analyse remote sensing images with two or more phases at the same time because of its separate classification characteristic. However, postclassification comparison method has serious defects. The main defect is that its classification error will produce the error propagation. Because of the fuzziness and uncertainty of specific target area in middle and low resolution remote sensing images, post-classification comparison method is only suitable for high resolution remote sensing images.
Regional feature-based geohazard change detection method
The fundamental of regional feature-based geohazard change detection method is that firstly forming a target polygon of pixels with the same characteristics on the basis of shape, colour, texture and context, and then making the extraction and classification of the characteristics of each target. With remote sensing image resolution reaching to meter and sub-metre, more scholars are engaged in regional feature-based geohazard change detection method. The method involves three critical technologies. They are the generation of image object (image segmentation), the quantitative description method of image object and image classification [4] . Regional feature-based geohazard change detection belongs to object-oriented method. Its characteristics are close to the artificial visual interpretation method. It breaks the limitations of pixel level, so that it's easier to detect the detailed changes of surface in smaller spatial scales. However, this method has two extremely critical procedures named as the selection of segmentation threshold and determination of geohazard classification parameters, which need to be studied further.
A method of geohazard change detection based on the integration of RS and GIS
Direct comparison method is simple in principle, has low requirement on the quality of remote sensing data, and can keep the original information of the image. Furthermore, it's not affected by the error propagation caused by the classification and feature extraction, and has wide applicability in practical application. In direct comparison method, changes are detected by judging whether the difference value between different phase images is larger than a certain threshold value. Hence, setting an appropriate threshold value is very critical. In this paper, we bring forward a solution by using training polygon to determine the adaptive threshold. Meanwhile, in order to overcome the faults that direct comparison method cannot provide the change types, we integrate GIS to analyse the change. An example of geohazard detection caused by earthquake in YuShu is presented as follows.
The method of determining adaptive threshold
The principle of the method is given as below. There is a distinct difference between changed and unchanged pixels in the image processed by pixel information algebraic operation. We choose a training area P A from the detecting image which involves all the changed types, set a threshold value and start iteration until the number of changed pixels separated out reaches the maximum [5] . Then apply the threshold value to the whole image to make the change detection accuracy reached the maximum [5] . The basic procedure of determining the threshold value is outlined as follows: (1) Generate the difference image. According to different conditions of the detected data and specific requirements, the pixel-based direct comparison method has been chosen to generate the difference image.
(2) Choose the sample area. In the changed image, we choose a representative changed area as the sample to determine the threshold value. The sample area should be similar to image visual interpretation, which contains all kinds of changed pixels as far as possible. The adaptive threshold determining method has the advantages of clear physical meaning, independence from the operator essentially, and good consistency of results. Besides, the accuracy of the sample regional change detection can provide a more accurate reference for the whole image change detection.
Analysis of change detection
An earthquake of 7.1 MS occurred in JieGu, YuShu in Qinghai Province in April 14, 2010, is the strongest earthquake in the area's history. In this paper, the data is derived from CCD camera on China's Environment and Disaster Monitoring Small Satellite A and B, whose ground pixel resolution is less 30m, and coverage area is more than 700 square kilometers. This camera has provided a large number of remote sensing data for disaster monitoring and prediction, environmental monitoring and audit and international rescue activities since its first image shot on September 8, 2008 .
In order to describe the integrated remote sensing and GIS approach, the geohazard detection in JieGu is given as an example. The images used in experiment are captured by the satellite on April 12, as the initial value, and then we determine the threshold by using methods and procedures described in 3.1. The iterative process is described in table1. As is described in table 1, when the threshold value is 0.00025, the number of extracted changed pixels is closest to the number of actual pixels in the sample area and is at its maximum, whose detection precision is 90.2%. Figure 5 . Raster data of change detection result Figure 6 . Change types of vector polygons
Results analysis and accuracy evaluation based on GIS.
We convert the results of change detection in experimental area into vector data, as is shown in figure 5 . We import the vector data into GIS system, and make an analysis combining with the existing manual interpretation information. As is shown in figure 6 , we can find several change types, including the collapsed urban settlements, collapsed rural settlements, collapsed schools, damaged bridges, damaged power facilities, damaged dams, and the landslides. The changed area detected by manual interpretation is about 
Conclusions
As is shown in the experiment above, the adaptive threshold method has a better ability to extract the changed and unchanged image pixels, and it has less number of iterations, high efficiency, and stable results, and its detection precision is up to about 90%, which is suitable for fast and accurate extraction of the earthquake disaster information. In this paper, combined the GIS database, and checked the changed areas by manual verification, the detection reliability has greatly improved. The method has a certain defect that it is just confined to the lower level of the changed and unchanged detection. In subsequent studies, we will improve the method to the level of the changed categories detection by using target identification or classification techniques.
